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CT-angiography of Abdominal Aortic Aneurysms After Transfemoral 
Endovascular Aneurysm Management* 
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Objective: To evaluate short-term effect of Transfemoral Endovascular Aneurysm Management (TEAM) on aortic 
diameters and volumes after aneurysm exclusion, using CT-angiography. 
Design: Analysis of preoperative, 1 week postoperative and 6 months postoperative CT measurements. 
Setting: University Hospital. 
Materials: Nine patients treated with an endovascular tube prosthesis. 
Chief outcome measures: True cross-sectional diameters ofthe aorta and the aneurysm, volume of the infrarenal aortic 
lumen, of the thrombus and of the iliac arteries and length of the aorta and of the endovascular prosthesis. 
Main results: CT-angiography detected shrinkage of the aneurysm in seven patients. Aneurysm growth was observed in
one patient with persistent flow outside the graft and in one patient with fully thrombosed aneurysm sac. In the two 
patients with increasing thrombus volume, the volume of the aortic lumen decreased. 
Conclusion: Although successful aneurysm exclusion can be confirmed by maximum aneurysm diameter measurement, 
changes in aortic lumen volume and thrombus volume may be more appropriate to discriminate successful from failed 
exclusion. 
Key Words: CT-angiography; Spiral CT," Transfemoral Endovascular Aneurysm Management; Endoprosthesis; Abdominal 
aortic aneurysm; Volume measurements. 
Introduction 
Transfemoral Endovascular Aneurysm Management 
(TEAM) offers a minimally invasive alternative for 
open graft replacement of asymptomatic abdominal 
aortic aneurysms. 1-1° The long-term effect of the 
endoprosthesis on the aneurysm and especially 
whether it will prevent aneurysm rupture is not 
known. May et al. 11 reported on the short evaluation of 
maximum aneurysm diameter in 30 patients after 
endovascular repair. They concluded that the majority 
of aneurysms appears to quickly diminish in size after 
successful endovascular repair. 
Endovascular p ostheses in the abdominal aorta can 
be monitored by spiral CT scanning with CT-angiog- 
raphy (CTA) and post processing of the CT data in 
two- and three-dimensional reconstructions. This 
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study addresses the results of short term follow-up of 
nine patients treated with the Endograft@ endovas- 
cular tube prosthesis. Based on preoperative and 
postoperative diameter, length and volume measure- 
ments the effect of graft implantation on aortic 
dimensions will be evaluated. 
Material and Methods 
Patients 
From January 1994 to January 1995 an Endograft® 
endovascular tube prosthesis (EndoVascular Technol- 
ogies, Menlo Park U.S.A.) was implanted in nine 
patients (3 women and 6 men) with a median age of 72 
years (range 51-85). The maximum aneurysm diame- 
ter, measured with CTA, ranged from 36 to 67.5 mm 
(median 54 mm). All graft implantations were per- 
formed in the operating room using a standardised 
procedure. 7'9 
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CTA data acquisition 
CT-angiography was performed prior to Endograft 
placement, within the first week after Endograft 
placement, and after approximately 6 months. A spiral 
CT scanner (Philips SR 7000, Philips Medical Systems, 
Best, The Netherlands) was used for data acquisition. 
The position of the coeliac trunk, selected on a 
volumetric scout scan of the upper abdomen, (10 
rotations, slice thickness 10mm, reconstruction i dex 
10mm) was chosen as the starting point of the CTA. 
For contrast enhancement of the vessel umen, 140 ml 
of intravenous contrast material (Ultravist 300) was 
administered via an anticubal vein at a rate of 3 cc/s. 
Thirty seconds after the start of contrast injection the 
CTA data acquisition (50 rotations) started. The table 
top speed was set at 0.5 cm/s, this allowed for 
scanning of a body volume with a length of 25 cm in 
one single 50s scan. The thickness of the reconstructed 
axial slices was set at 5 mm with a reconstruction 
index of 2 mm, thereby creating a 3 mm overlap 
between individual slices. (FOV 250, 140 kV, 225 mA, 
matrix 512). From the initial raw data set 123 axial 
slices were reconstructed. ~2 
measurements were performed on the workstation by 
calculating the distance between selected slices in the 
curved linear MPR. All length measurements were 
thus performed along the central lumen line. The 
length of the infrarenal aorta was calculated based on 
the position of a slice just below the most caudad renal 
artery and a slice at the level of the aortic bifurcation. 
Similarly the length of the Endograft was derived 





CTA diameter and length measurements 
All diameter measurements were performed on a 
separate work station (EasyVision, Philips Medical 
Systems, Best, The Netherlands). The 123 axial slices 
were reformatted into a Multi Planar Reconstruction 
(MPR). The MPR provides a simultaneous and linked 
display of axial, frontal and saggital views of the 
scanned body volume. In the axial frontal and saggital 
image on the computer screen the operator creates a
line through the centre of the infrarenal aortic lumen. 
This line represents he lumen axis and is the basis for 
further reconstructions (Fig. 1). In a curved linear 
MPR, slices perpendicular to the lumen axis are 
generated. In these slices the diameter was measured 
electronically by cursor selection of the outer limit of 
the vessel. 12'13 Before Endograft placement, diameters 
were measured at the three levels displayed in Fig. 2: 
level (a) halfway in the proximal neck level (b) at the 
maximum aneurysm diameter and level (c) halfway in 
the distal neck. Postoperative measurements were 
performed at approximately the same levels (Fig. 3): 
level (a) halfway the proximal attachment system, 
level (b) at the maximum aneurysm diameter and 






Fig. 1. The central lumen line: in the axial slices (I to IX) the centre 
of the vessel lumen is reconstructed. The central lumen line (1) is 
created by connecting the centre points of the slices. 
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CTA volume measurements 
Volume measurements were performed on a Gyro- 
view workstation (Philips Medical Systems, Best, The 
Netherlands) using three-dimensional reconstruc- 
tions. The basic principle in the generation of these 
reconstructions i selection of voxels with a density 
higher than a certain selected threshold, a process 
called segmentation. The complete data set from the 
spiral CT was thus reduced from a wide range of 
densities (greyscale), to a binary representation with 
Fig. 2. Preoperative diameter measurements. All diameters were 
measured in slices that were reconstructed perpendicular to the 
central lumen line (1). (a) infrarenal aortic diameter; (b) maximum 
aneurysm diameter; (c) distal neck diameter. 
voxels either being displayed or hidden. Volume 
measurements were based on pixel counting and were 
calculated in cubic mm. For the purpose of fol low-up 
of TEAM patients two segmentations were created, 
one of the contrast filled lumen and one of the 
thrombus. The infrarenal aortic lumen segmentation 
was started at the lowest margin of the most caudal 
renal artery and ended at the level of the aortic 
bifurcation. Common iliac artery volume was quanti- 
fied with a separate segmentation of the common iliac 
2 
Fig. 3. Postoperative diameter measurements. The Endograft has 
been implanted and thrombus (t) is surrounding the graft. A new 
central umen line is drawn (2). (a) proximal attachment system 
diameter; (b) maximum aneurysm diameter; (c) distal attachment 
system diameter. 
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arteries from the level of the aortic bifurcation to the iliac artery volume decreased 4.8% (p = 0.553) (Table 
level of the iliac bifurcations. 1). 
Statistical analysis 
For analysis of diameter measurements the average of 
anteroposterior and lateral diameter was calculated. 
For the maximum aneurysm diameter the maximum 
diameter measured on the workstation was used. The 
Wilcoxon signed rank test was used to test for 
differences between paired measurements. 
Results 
The changes that occur between preoperative and 
postoperative measurements and between postoper- 
ative and 6 months follow-up measurements are 
presented separately. All values are group medians of 
the nine patients. 
Preoperative vs. postoperative measurements 
The median diameters at the three defined levels (Fig. 
2 and 3) all increased in this interval. The infrarenal 
aorta diameter increased 3.0% (p = 0.612), the max- 
imum aneurysm diameter increased 2.8% (p--0.049) 
and the distal aortic diameter increased 0.4% 
(p--0.441) (Table 1). If the time span between the 
preoperative and postoperative measurements is 
taken into account the extrapolated median linear 
growth rate of the aneurysms in the nine patients was 
1.4 mm per 30 days (-0.7 to 3.7 mm per 30 days). The 
median total aneurysm volume increased 9.5% 
(p=0.038). A decrease in lumen volume and an 
increase in thrombus volume was found. The median 
Postoperative versus 6 months follow-up measurements 
In this interval we observed a decrease of maximum 
aneurysm diameter of 11.7% (p = 0.038). The median 
diameters of the proximal and distal attachment 
system increased 11.7% (p = 0.092) and 5.7% (p = 0.027) 
(Table 2). 
Median total aneurysm volume showed a median 
decrease of 19.8% (p = 0.066). The increase in median 
infrarenal aortic lumen volume was 9.5% (p = 0.068). 
Thrombus volume on the other hand decreased 35.5% 
(p = 0.038). The median common iliac artery volume 
increased 5% (p = 0.425) (Table 2). The median length 
of the aorta increased 1.7% (p=0.138) while the 
median length of the endovascular prosthesis 
decreased 2.2% (p=0.677) during follow-up (Table 
2). 
The maximum aneurysm diameter, aortic lumen 
volume and thrombus volume for the individual 
patients are displayed in Table 3. The changes in 
individual measurements in the postoperative to 6 
months follow-up interval allow for identification of 
several groups of patients. In most patients (A to F), 
both maximum aneurysm diameter and thrombus 
volume decreased. Four of these patients howed an 
increase in aortic lumen volume (A to D). In one 
patient (G) the maximum aneurysm diameter did not 
change while lumen volume increased and thrombus 
volume decreased. In the final two patients (H and I) 
the most prominent finding was an increase in 
thrombus volume with a decrease in lumen volume 
while the maximum aneurysm diameter increased in 
one (H), and remained unchanged in the other (I). In 
one patient extra graft flow (contrast leak outside the 
graft but within the aneurysm sac) was detected on 
the immediate post operative CTA. This extra graft 
flow spontaneously resolved within 2 weeks (patient 
Table 1. Preoperative and 1 week postoperative group medians and ranges of diameter and volume measurements. The change in 
diameter or volume is given as a percentage of the preoperative value. Statistical significance was tested with the Wilcoxon rank test 
Preoperative i week postoperative Change % 
Wilcoxon 
Median Range Median Range Median Range p 
Infrarenal orta diameter (mm) 20.2 18.2-23.8 20.4 19.2-25.2 3 -7.3-10.3 0.612 
Maximum aneurysm diameter (mm) 54.0 36.6-70.0 54.9 38.8-71.1 2.8 -2.7-9.8 0.049 
nistal aorta diameter (mm) 19.0 16.6-23.5 19.2 16.8-23.6 0.4 -13.8-15.1 0.441 
, ~tal aneurysm volume (cc) 106 50-199 123 54-203 9.5 M9.9-34.5 0.038 
ac artery volume (cc) 13 5-23 11 7-22 -4.8 -43.6q50 0.553 
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Table 2. One week postoperative and 6 months postoperative group medians and ranges of the various measurements. The change in 
diameter, volume or length is given as a percentage of the 1 week postoperative value. Statistical significance was tested with the 
Wilcoxon rank test 
i week postoperative 6 months postoperative Change % 
Wflcoxon 
Median Range Median Range Median Range p 
Infrarenal aorta diameter (mm) 20.4 
Proximal attachment diameter (mm) 20 
Maximum aneurysm diameter (mm) 54.9 
Distal attachment diameter (mm) 19.2 
19.2-25.2 20.7 19.%24.6 -0.5 -2.5-11 0.952 
16.6-21.1 20.1 17-23.5 11.7 -7.4.17.5 0.092 
38.8-71.1 52.8 38.8-71 -11.7 -34.4-2.8 0.038 
16.8-23.6 20.2 18.4-25.4 5.7 0-21.5 0.027 
Total aneurysm volume (cc) 123 54-203 98 50-226 -19.8 -41.5-15.8 0.066 
Aorta lumen volume (cc) 34 26~0 42 27-60 9.5 -10-50 0.068 
Thrombus volume (cc) 85 28-179 55 11-184 -35.5 -78.8-25 0.038 
Iliac artery volume (cc) 11 7-22 12 4-23 5 -50-42.9 0.425 
Length infrarenal aorta (mm) 120 109-142 122 112-148 1.7 -2.5-5.3 0.138 
Length Endograft hook to hook (ram) 118 122-149 118 121-145 -2.2 -3.6~.3 0.677 
B). The  6 months  fo l low-up  CTA measurements  show 
aneurysm exc lus ion  to be  success fu l  ( reduct ion  in  
max imum aneurysm d iameter  and  thrombus  vo lume)  
desp i te  th i s  ear ly  leak.  
Discussion 
Compar i son  of the  pre  and  immediate  postoperat ive  
measurements  revea led  an  increase  in  the  med ian  
Table 3. Aneurysm diameter, lumen and thrombus volume measurements in individual patients. Measurements were performed 
preoperatively, postoperatively and after approximately 6 months follow-up. In the right column the changes that occurred in the 
postoperative to 6 months follow-up. In the right column the changes that occurred in the postoperative to 6 months follow-up interval 
are indicated; (~) increase, ($) decrease, (=) no change 
Patient Measurement Preoperative Postoperative 6 months follow-up ~ 
A Maximum aneurysm diameter (mm) 
H 
Lumen volume (cc) 
Thrombus volume (cc) 
Maximum aneurysm diameter (ram) 
Lumen volume (cc) 
Thrombus volume (cc) 
Maximum aneurysm diameter (mm) 
Lumen volume (cc) 
Thrombus volume (cc) 
Maximum aneurysm diameter (mm) 
Lumen volume (cc) 
Thrombus volume (cc) 
Maximum aneurysm diameter (mm) 
Lumen volume (cc) 
Thrombus volume (cc) 
Maximum aneurysm diameter (mm) 
Lumen volume (cc) 
Thrombus volume (cc) 
Maximum aneurysm diameter (mm) 
Lumen volume (cc) 
Thrombus volume (cc) 
Maximum aneurysm diameter (ram) 
Lumen volume (cc) 
Thrombus volume (cc) 
Maximum aneurysm diameter (ram) 
Lumen volume (cc) 
Thrombus volume (cc) 
36.0 38.8 29.6 
47.0 26.0 39.0 
3.0 28.0 11.0 
55.0 58.3 51.0 
101.0 34.0 47.0 t 
0.0 92.0* 51.0 
64.0 69.2 58.9 
68.0 29.0 34.0 1' 
122.0 179.0 101.0 
47.0 47.8 42.2 J, 
67.0 42.0 46.0 
39.0 63.0 46.0 
50.0 54.9 36.0 
79.0 57.0 58.0 = 
20.0 66.0 14.0 
67.5 69.4 67.2 
105.0 60.0 60.0 = 
63.0 127.0 90.0 J, 
54.0 53.0 53.4 = 
86.0 32.0 37.0 
1.0 85.0 55.0 
52.2 50.8 52.8 t 
48.0 30.0 27.0 
74.0 84.0 105.0 
70.0 71.1 71.0 = 
178.0 44.0 42.0 J, 
21.0 160.0' 184.0¢ 
• t 6 cc of extra graft flow included; 31 cc of extra graft flow included; 5 cc of extra graft flow included. 
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maximum aneurysm diameter despite successful 
Endograft placement. An absolute increase was 
observed in seven patients. Of the two patients with a 
decrease in maximum aneurysm diameter, one 
showed a decrease in total aneurysm volume of 6.5% 
and the other an increase of more than 30%. The 
increase in volume with a decrease of maximum 
diameter in this patient can only be explained by a 
change of aneurysm shape, i.e. proximal and distal 
dilatation. The diameter changes both proximally and 
distally from the original aneurysm (levels a and c) are 
minimal and may be explained by the balloon infla- 
tion needed for fixation of the proximal and distal 
attachment system. All grafts in these patients were 
slightly oversized (sizes 20 to 26 mm) and the balloon 
diameter was equal to the graft diameter. 
For short term follow-up the most important issues 
are signs of successful aneurysm exclusion and signs 
of aneurysmal disease developing proximally and 
distally to the original aneurysm. Whether aneurysm 
exclusion by the Endograft was successful or not can 
be demonstrated by changes in maximum aneurysm 
diameter and thrombus volume. Median maximum 
aneurysm diameter, total aneurysm volume and 
thrombus volume all showed a tendency to decrease. 
If individual patients are considered, there is one 
patient with an increase in aneurysm diameter com- 
bined with an increase in total aneurysm volume 
(patient H, Table 3). Of the two patients with a 
stationary aneurysm diameter one showed a total 
aneurysm volume decrease (patient G) and the other a 
total volume increase (patient I). This illustrates that 
maximum aneurysm diameter alone is not sufficient 
in determining whether aneurysm exclusion has been 
successful. The addition of thrombus volume meas- 
urement seems important since thrombus volume 
decreased in seven patients and increased in two 
patients. In seven of our patients the changes in 
maximum diameter and thrombus volume were con- 
cordant, in the remaining two patients the success of 
aneurysm exclusion could be discriminated by the 
changes in thrombus volume (patients G and I). 
Based on diameter and volume measurements two 
patients (H and I) showed signs of failed aneurysm 
exclusion. In patient (H) both maximum aneurysm 
diameter and total aneurysm volume showed a small 
increase. The total volume increase was the result of a 
small decrease in aorta lumen volume together with a 
considerable increase in thrombus volume. The cause 
of aneurysm growth in this case is not know. Patent 
lumbar arteries or a patent inferior mesenteric artery 
may be responsible for this phenomenon but, were not 
visible on CTA. In patient I we had problems in 
positioning the distal attachment system. Flow outside 
the graft was noted on the postoperative CTA. During 
follow-up, we observed an increase in total aneurysm 
and thrombus volume, although the volume of extra 
graft flow had diminished. The maximum aneurysm 
diameter did not change. The observed ecrease in 
infrarenal aortic lumen volume in these two patients, 
with a slight increase of the proximal and distal 
attachment si e diameters, and slight decrease in aortic 
length, suggests loss of aortic lumen volume due to 
compression of the Endograft at the site of the 
aneurysm sac and thus high pressure in the 
thrombus. 
The indicators for continuing aneurysmal disease 
on CTA are changes in proximal and distal aortic 
diameter, infrarenal aortic length and iliac artery 
volume. During the first 6 months of follow-up, the 
infrarenal aortic diameter and the proximal attach- 
ment site showed minimal changes. The median 
diameter of the distal attachment site increased sig- 
nificantly (p = 0.027) but oversizing the Endograft may 
play a role. None of the distal diameters exceeded the 
original maximal diameter of the implanted Endog- 
rafts after 6 months follow-up. The median length of 
the infrarenal aorta as well as the iliac artery volume 
increased slightly. These changes are probably of no 
clinical significance. 
In conclusion, with CT-angiography, a new method 
of aneurysm evaluation, vessel cross-sectional diame- 
ter analysis, volume analysis and length analysis has 
become available. For most patients, the success of 
TEAM can be confirmed by maximum aneurysm 
diameter measurements. A decreased maximum aneu- 
rysm diameter is considered to be a parameter for 
successful aneurysm exclusion. Since total aneurysm 
volume can change without having an effect on the 
maximum diameter, follow-up of TEAM patients 
should include a measurement describing the mor- 
phology of the aneurysm as a whole. Volume meas- 
urements seem to provide this information. The 
combination of maximum aneurysm diameter and 
thrombus volume measurements by CT-angiography 
is therefore recommended for follow-up of trans- 
femoral endovascular neurysm anagement. 
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